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0 Power source circuit 



® A power source circuit converts direct current 
(DC) power into alternating current (AC) power hav- 
ing a required frequency, and provides DC output 
power according to the aC power. The power source 
circuit comprises an oscillator (25) for providing a 
control signal that determines a converting frequen- 



cy of the AC power; an element (22) provided for the 
oscillator, having temperature characteristics for in- 
creasing the converting grequency at a low tempera- 
ture; and a device (121) for determining the convert- 
ing frequency of the AC power according to the 
control signal provided by the oscillator. 
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BACKGROUND OF THE INVENTION 

Reld of the Invention 

The present invention relates to a switching 
power source circuit and to a motor driving circuit 
employing the switching power source circuit. 

Description of the Prior Art 

Various switching power source circuits have 
been proposed in recent years. The switching pow- 
er source circuits are applicable for driving loads 
such as motors. 

Usually, lubrication of moving portions of a 
motor gradually deteriorates to increase friction in 
the moving portions as an ambient temperature 
falls, to thereby increase a load on a power source 
circuit that drives the motor. The power source 
circuit, therefore, must have a margin for allowing a 
30% to 50% increase In the load applied to the 
circuit at a temperature of about -20 degrees centi- 
grade. 

An example of a conventional switching power 
source drcuit will be explained with reference to 
Rg. 1. 

The power source circuit 100 has a line filter 
101 for removing noise from alternating cunrent 
(AC) source power to the circuit 100. The noise- 
removed AC source power is rectified through a 
rectifier circuit 103 and smoothed by a capacitor 
CI. The smoothed direct current (DC) source pow- 
er Is supplied to a control circuit 105 through an 
activation resistor R1 and to primary windings 
TBI a and TRIb of a converter transfonmer 
(hereinafter referred to as the transfonfner) TR1 . 

An output voltage of a secondary winding TRIc 
of the transfomner TR1 is supplied to a voltage limit 
circuit 107 through rectifying diodes D1 and D3, a 
choke coll CHI, and a smoothing capacitor (53. The 
voKage limit circuit 107 detects the output voltage 
of the secondary winding TRic of the transfonmer 
TR1, and if the detected voltage has reached a 
limit value, provides a detection signal to the con- 
trol circuit 105. 

A current limit circuit 109 receives a terminal 
voltage of a resistor R3 to detect an output current 
of the secondary winding TR1c of the transformer 
TR1. If the detected current has reached a limit 
value, the current limit circuit 109 provides a detec- 
tion signal to the control drcuit 105. 

A cunrent limit circuit 111 detects a current on 
the primary side of the transformer TR1. Namely, 
the current limit circuit 111 receives a terminal 
voltage of a resistor R5 to detect the current on the 
primary side of the transformer TRl. If the de- 



tected cunrent has reached a limit value, the cur- 
rent limit drcuit 111 provides a detection signal to 
the control drcuit 105. 

After receiving the detection signal from any 
5 one of the voltage limit drcuit 107 and cunrent limit 
drcuits 109 and 111, the control drcuit 105 turns 
OFF a transistor Tri . thereby limiting the output of 
the transformer TR1. 

The control circuit 105 comprises an oscillation 
10 drcuit 119 and a PWM controller 121. The oscilla- 
tion circuit 119 has, as oscillation frequency defin- 
ing elements, a resistor 115 and a capacitor 1 17. 

A signal having an oscillation frequency deter- 
mined by the resistor 115 and capacitor 117 turns 
75 ON and OFF the transistor Tri through the PWM 
controller 121. As a result, the DC source power is 
periodically switched and converted into high-fre- 
quency AC power. In this way. the resistor 115 and 
capadtor 117 determine the converting frequency 
20 of the switching power source circuit. 

The detection signals provided by the voltage 
limit circuit 107 and current limit circuit 109 accord- 
ing to the DC output voltage and cunrent are sent 
to the PWM confroller 121 of the control circuit 
25 105, which widens an ON pulse width of the tran- 
sistor Tri when the output voltage and current 
drop, and narrows the ON pulse width of the tran- 
sistor Tri when the output voltage and current rise, 
thereby maintaining a constant output 
30 The maximum transmission power of the power 
source circuit depends on ttie capacity of the trans- 
former TR1. With the same capacity, the trans- 
fonmer TR1 can transmit larger power if the con- 
verting frequency is increased. There is a limit, 
35 however, on the converting frequency because the 
transformer TRl and tiransistor Tri generate more 
heat as the converting frequency rises. 

Generally, tiie maximum output power of die 
conventional power source drcuit has no tempera- 
40 ture dependency. The power source circuit, there- 
fore, is designed based on a most critical operation 
condition, i.e., an expected maximum ambient tem- 
perature (about 60 to 80 degrees centigrade). Ac- 
cordingly, the power source circuit has a margin 
45 when operated at an ordinary ambient temperature 
(about 20 to 30 degrees centigrade). 

Generally, the converting efficiency of tine 
switching power source drcuit increases as its out- 
put increases, and at the maximum output, the 
50 converting efficiency reaches the maximum. This 
means that the power source circuit having a large 
maximum output margin usually operates at low 
converting efficiency. 

As explained above, the conventional power 
55 source circuit for driving a load such as a motor 
having movable portions (frictional portions) must 
be designed to provide a 30% to 50% larger output 
at a low temperature compared with an output at 
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an ordinary temperature. This increases the size of 
the transformer TR1 and transistor Tri, thereby 
increasing the cost of the power source circuit. In 
addition, the conventional power source circuit op- 
erates at low converting efficiency at the ordinary 
temperature because an output at the ordinary 
temperature Is designed to be lower than that at 
the low temperature. 

SUMMARY OF THE INVENTION 

To solve the problems of the prior art, an 
object of the invention is to provide a power source 
circuit that is compact and achieves high convert- 
ing efficiency with output characteristics following 
the temperature characteristics of a load, and to 
provide a driving circuit employing the power 
source circuit. 

Another object of the invention is to provide a 
power source circuit that properly limits, even at a 
low temperature, an output voltage or an output 
current according to the characteristics of a load. 

In order to accomplish the objects, a first as- 
pect of the invention provides a power source 
circuit for converting DC power into AC power 
having a predetermined frequency, and providing 
DC output power according to the AC power. The 
power source circuit has an oscillation circuit for 
generating a control signal that determines a con- 
verting frequency of the AC power. The oscillation 
drcuit has an element having temperature depen- 
dency to increase the converting frequency at a 
low temperature. 

This arrangement increases the converting fre- 
quency at a low temperature, thereby Increasing 
the maximum output of the power source circuit 
and eliminating a special margin, which is conven- 
tionally provided for an ordinary-temperature opera- 
tion because the load of a motor, etc., driven by 
the power source circuit increases as an ambient 
temperature drops. As a result, the power source 
circuit of the invention can employ a small trans- 
former and switching transistor, to reduce overall 
dimensions. Heat to be generated due to an in- 
crease in the converting frequency causes no prob- 
lem because the converting frequency is increased 
when an ambient temperature is low. The power 
source circuit of the invention always operates at 
around the maximum output to improve converting 
efficiency. 

A second aspect of the invention provides a 
driving circuit for converting DC power into AC 
power having a predetermined frequency, and ac- 
cording to the AC power, providing a DC output for 
driving a motor. This driving circuit has an oscilla- 
tion circuit for generating a control signal that de- 
termines a converting frequency of the AC power. 



The oscillation circuit has an element having tem- 
perature dependency to increase the converting 
frequency at a low temperature. 

When the load of a motor driven by the driving 

5 circuit increases as an ambient temperature falls, 
the driving circuit increases ttie converting frequen- 
cy to increase the output thereof. In this way, the 
output characteristics of the driving circuit property 
follow the temperature characteristics of the motor 

10 load. 

A third aspect of the invention provides a pow- 
er source circuit for driving a load having tempera- 
ture dependency and limiting power supplied to the 
load according to a detected value. The power 

75 source circuit comprises output current detection 
means having temperature dependency in detect- 
ing an output current supplied to the load. The 
output cun-ent detection means temperature-depen- 
dently detects the output cunrent, and the power 

20 source circuit limits the electric power supplied to 
the load in response to tiie detected current. 
Namely, the power source circuit property 
temperature-dependentiy limits the electric power 
supplied to the load, in response to the 

25 temperature-dependentiy detected output current. 

A fourth aspect of the invention provides a 
power source circuit for driving a load having tem- 
perature dependency and limiting electric power 
supplied to the load in response to a detected 

30 value. The power source circuit comprises output 
voltage detection means for temperature-depen- 
dentiy detecting an output voltage supplied to the 
load. The output voltage detection means 
temperature-dependentiy detects the output volt- 

35 age, and according to the detected voltage, the 
power source circuit limits electric power supplied 
. to the load. In this way, the power source circuit 
properly temperature-dependentiy limits tiie elec- 
tric power supplied to the load, in response to the 

40 temperature-dependentiy detected output voltage. 

A fifth aspect of the invention provides a power 
source circuit for driving a load having temperature 
dependency with electric power provided through a 
transformer and limiting the electric power supplied 

45 to the load in response to a detected value. The 
power source circuit comprises input cunrent detec- 
tion means for temperature-dependentiy detecting 
an Input current supplied to the transformer. Ac- 
cording to the temperature-dependentiy detected 

50 input cunrent, the power source circuit limits the 
electric power supplied to the load. In this way, the 
power source circuit properly temperature-depen- 
dentiy limits the electric power supplied to the 
load, according to the temperature-dependentiy de- 

55 tected input current. 

A stxUi aspect of the invention provides a pow- 
er source circuit for driving a load having tempera- 
ture dependency by electric power supplied 
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through a transformer and limiting the electric pow- 
er supplied to the load according to a detected 
value. The power source circuit comprises at least 
two among output cunrent detection means for 
temperature-dependentfy detecting an output cur- 
rent supplied to the load, output voltage detection 
means for temperature-dependently detecting an 
output voltage supplied to the load, and input cur- 
rent detection means for temperature-dependently 
detecting an input current supplied to the power 
source circuit. The power source circuit limits the 
electric power supplied to the load according to the 
values detected by the detection means. In this 
way, the power source circuit properly 
temperature-dependently limits the electric power 
supplied to the load. 

These arKl other objects, features an advan- 
tages of the present invention will be more appar- 
ent from the following detailed description of pre- 
ferred embodiments in conjunction with the accom- 
panying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 Is a circuit diagram showing a switching 
power source circuit according to a prior art; 
Rg. 2 is a circuit diagram showing a switching 
power source circuit according to an embodi- 
ment of the invention; 

Rgs. 3(a) to 3(c) are views showing wavefonms 
during the ordinary and low temperature oper- 
ations of a transistor Tri of the embodiment of 
Rg. 2; 

Rg. 4 is a view showing temperature-maximum 
output characteristic curves of the power source 
circuits of the invention and prior art; 
Rg. 5 is a circuit diagram showing an intemal 
arrangement of a voltage limit circuit of the 
embodiment of Rg. 2; 

Rg. 6 Is a circuit diagram showing an Intemal 
arrangement of a current limit circuit of the 
embodiment of Rg. 2; and 
Rg. 7 is a view showing temperature-output 
characteristic curves of the power source cir- 
cuits of another embodiment of the invention 
and the prior art. 

DETAILED DESCRIPTION OF THE EMBODI- 
MENTS ~" 

Rg. 2 Is a circuit diagram showing a power 
source circuit according to an embodiment of the 
invention applied for a separately excited forward 
converter. 

A line filter 1 removes noise from AC source 
power. A rectifier circuit 3 comprises rectifying 
diodes, etc., for rectifying the AC power supplied 
through the line filter 1. A capacitor CI smooths 



DC electric power provided by the rectifier circuit 
3. The smoottied DC power provided by the ca- 
pacitor CI is supplied to a control circuit 5 tfirough 
an activation resistor R1 and to primary windings 
5 TRI a and TRI b of a transformer TRI. A reset 
circuit and a surge absorbing circuft of the trans- 
former TRI are not shown. 

An output voltage from a secondary winding 
TRlc of the transformer TRI is supplied to a 
JO voltage limit drcuit 7 ttirough rectifying diodes D1 
and D3. a choke coil CHI. and a smoothing capaci- 
tor C3. The voltage limit circuit 7 has a predeter- 
mined limit value. The voltage limit circuit 7 detects 
the output voltage of the secondary winding TRlc 
IS of the transformer R1, and if the detected voltage 
has reached the limit value, provides a detection 
signal to the control circuit 5. 

A power source line from the secondary wind- 
ing TRlc of the transformer TRI is connected to a 
20 resistor R3. which is connected in parallel with a 
thermistor TH1. The resistor R3 and tiiermistor 
TH1 form output current detection means for 
temperature-dependentiy detecting an output cur- 
rent of tfie secondary wining TRlc. The thermistor 
25 TH1 has nonlinear positive temperature characteris- 
tics, so tiiat. when an ambient temperature falls, a 
combined resistance of the resistor R3 and tiier- 
mistor TH1 drops to decrease a terminal voltage of 
the resistor R3 to be detected. 
30 A current limit circuit 9 Is connected to both 
ends of the resistor R3 and receives a voltage 
produced by tiie combined resistance of the resis- 
tor R3 and thermistor TH1. The current limit circuit 
9 detects ttie output cunrent of the secondary wind- 
35 ing TRlc of the transfonmer TRI according to Uie 
terminal voltage of ttie resistor R3. and If the de- 
tected cun-ent has reached a limit value stored In 
the current limit circuit 9, provides a detection 
signal to the control circuit 5. 
40 A cunrent limit circuit 11 detects a current on 
the primary side of the ti-ansfomier TRI. The pri- 
mary winding TRI a of the transformer TRI is con- 
nected In series to a transistor TrI such as a 
bipolar transistor and a resistor R5. The resistor R5 
45 is connected in parallel with a tiiennistor TH3. The 
resistor R5 and thermistor TH3 form input current 
detection means for temperature-dependently de- 
tecting tiie input current to the transformer TRI. 
The thermistor TH3 has nonlinear positive tempera- 
50 ture characteristics so that a combined resistance 
of the resistor R5 and thermistor TH3 decreases as 
an ambient temperature drops, to reduce a terminal 
voltage of the resistor R5 to be detected. 

The cunrent limit circuit 11 is connected to botfi 
55 ends of the resistor R5 and receives the voltage 
produced by the combined resistance of the resis- 
tor R5 and thermistor TH3. The cunrent limit circuit 
1 1 stores a predetermined limit value. The current 
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limit circuit 11 detects a current on the primary 
side of the transfonner TR1 according to the termi- 
nal voltage of the resistor R5, and if the detected 
value has reached the limit value, provides a detec- 
tion signal to the control circuit 5. 

The control circuit 5 has an oscillation circuit 
25 having an element that has temperature char- 
acteristics for increasing an oscillation frequency, 
i.e.. a converting frequency when an ambient tem- 
perature is low. The element having the tempera- 
ture characteristics is a temperature sensor 22 
made of a platinum temperature detector or a ther- 
mistor. 

As resistor portions for defining the oscillation 
frequency of the oscillation circuit 25, there are 
arranges two resistors 23 and 24 connected in 
series, and the temperature sensor 22 connected in 
parallel with the resistor 23. The resistor portions 
may be properly modified. For example, the two 
fixed resistors 23 and 24 may be omitted. 

If the temperature sensor 22 is a platinum 
temperature detecting resistor, the converting fre- 
quency may have continuous temperature depen- 
dency to raise the converting frequency as an 
ambient temperature drops. 

Rg 3 shows waveforms of the transistor Tri 
operating at an ordinary temperature TA and a low 
temperature TL. A pulse period at the low tempera- 
ture TL is shorter than that at the ordinary tempera- 
ture TA. Accordingly, a period of a cun^ent flowing 
to the coil of the transformer TRI, i.e., a period for 
exiting the transformer TRI becomes shorter under 
the low temperature. As a result, a core of the 
transformer TRI becomes not to saturate, thereby 
increasing electric power transmitted through the 
transformer TRI. At this time, the transistor Tri 
and transfonmer TRI generate more heat. The am- 
bient temperature, however, is low in this occasion 
so that the temperatures of the transistor TrI and 
transformer TRI are suppressed to cause no prob- 
lem due to the generated heat. 

Fig. 4 shows temperature-output power char- 
acteristic curves of the embodiment and prior art. A 
characteristic curve "a" is of the power source 
circuit according to the embodiment, in which the 
maximum output gradually increases as the tem- 
perature decreases. This is convenient In driving a 
load that gradually increases as the temperature 
decreases. 

The temperature sensor 22 may be a PTC 
thermistor having switching characteristics for 
changing the converting frequency when the tem- 
perature becomes below a predetermined value. A 
fixed resistor may be connected to the PTC ther- 
mistor In series or in parallel, to adjust a rate of 
increase of the converting frequency. Similar to the 
platinum temperature detector, the PTC thermistor 



provides the transistor TrI with operation 
wavefonms shown in Fig. 3 for the ordinary tem- 
perature TA and low temperature TL. 

The effect of the PTC thermistor is the same 

5 as that of the platinum temperature detector. 
Namely, the transformer TRI is provided with a 
margin in saturation at the low temperature TL, to 
transmit more power. At this time, the transistor Tri 
and transfomier TRI produce more heat. The tern- 

10 peratures thereof are suppressed, however, be- 
cause the ambient temperature is low In this occa- 
sion. No problem occurs, therefore, due to the 
generated heat. 

The power source circuit having the PTC ther- 

15 mister demonstrates a temperature-maximum out- 
put characteristic curve "b" of Rg. 4. This Is prop- 
er for a load such as a motor load ttiat suddenly 
increases as the temperature falls as Indicated with 
a curve "c" of Rg. 4. 

20 In Rg. 4, a characteristic curve "d" represents 
the conventional power source circuit as a compari- 
son. 

Various temperature sensors may be used in- 
dividually or combined together to realize power 
25 source circuits that more properly follow the tem- 
perature characteristics of various loads. It is possi- 
ble to use a comparator to change the coverting 
frequency of a power source circuit at a tempera- 
ture exceeding a predetermined value. 
30 Rg. 5 shows an internal anrangement of the 
voltage limit circuit 7 of Rg. 2. 

Resistors R7 and R9 are connected in series 
between terminals PI and P3. The resistors R7 and 
R9 and a thermistor TH5 form output voltage de- 
35 tection means for temperature-dependently detect- 
ing an output voltage of ttie transformer TRI. The 
thermistor TH5 has nonlinear negative temperature 
characteristics, so that a voltage dividing ratio of 
the resistors R7 and R9 becomes larger as an 
40 ambient temperature decreases, to reduce a termi- 
nal voltage of the resistor R9 to be detected. 

A node between the resistors R7 and R9 is 
connected to one Input terminal of a comparator 
13. The terminal P3 is connected to the resistor R9 
45 as well as to another input terminal of the compara- 
tor 13 through a voltage source 15. An output 
terminal of the comparator 13 Is connected to the 
control circuit 5 through a terminal P2. The com- 
parator 13 provides a detection signal to the control 
50 circuit 5 when the detected voltage has reached 
the limit value. 

Rg. 6 shows an internal arrangement of the 
current limit circuit 9. 

Terminals 5 and 7 are connected to the resistor 
55 R3. to receive a value detected by the resistor R3. 
Through a resistor R11, tiie terminal P5 is con- 
nected to a capacitor C7 and to one input terminal 
of a comparator 17. The terminal P7 is connected 
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to the capacitor C7 as well as to another input 
terminal of the comparator 17 through a voltage 
source 19. The resistor Rl 1 and capacitor C7 form 
a low-pass filter to remove noise from the value 
detected by the resistor R3. 

An output terminal of the comparator 17 is 
connected to the control circuit 5 through a termi- 
nal P6. The comparator 17 provides a detection 
signal to the control circuit 5 when the detected 
value has reached the limit value. 

An internal arrangement of the current limit 
circuit 11 is identical with that of the current limit 
circuit 9 shown in Fig. 6. 

An operation of the voltage limit circuit 7 for an 
ordinary temperature and a high temperature will 
be explained. 

The voltage limit circuit 7 receives an output 
voltage of the transformer TR1 through the tenmi- 
nals PI and P3. The output voltage of the trans- 
former TR1 is divided by a combined resistance of 
the resistor R7 and thermistor TH5 and a resis- 
tance of the resistor R9. A terminal voltage of the 
resistor R9 is provided as a detected value to the 
one input tenminal of the comparator 13. When the 
detected value reaches the limit value provided by 
the voltage source 15, the comparator 13 provides 
a detection signal to the control circuit 5. The 
control circuit 5 then turns OFF the transistor Tri, 
thereby limiting the output of the transformer TRI. 

An operation of the voltage limit circuit 7 for a 
low temperature will be explained. 

The thermistor TH5 has nonlinear negative 
temperature characteristics so that a voltage divid- 
ing ratio of the resistors R7 and R9 increases as 
the temperature decreases, thereby reducing the 
terminal voltage of the resistor R9 to be detected. 

Unlike the straight line "d" of Rg. 4 represent- 
ing the voltage limit characteristics of the conven- 
tional power source circuit which are constant even 
if the temperature decreases, the voltage limit char- 
acteristic curve "b" of Fig. 4 of the embodiment 
rises as the temperature decreases. Namely, the 
voltage limit characteristics of the embodiment 
change according to the maximum output char- 
acteristic curve "c" of Rg. 4 of the load driven by 
the power source circuit of the embodiment. In this 
way, the output of the power source circuit of the 
embodiment is property limited in a range of from 
high to low working temperatures. 

Operations of the cunrent limit circuits 9 and 11 
will be explained. Since the circuits 9 and 11 are 
identical with each other, the operation of only the 
circuit 9 will t>e explained. 

Rrstly, an operation of the cunrent limit circuit 9 
for an ordinary temperature and a high temperature 
will be explained. 



When receiving a value detected by the resis- 
tor R3. the comparator 17 compares the detected 
value with the limit value provkled by the voltage 
source 19. If the detected value has reached the 
5 limit value, the comparator 17 provides a detection 
signal to the control circuit 5, which then turns OFF 
the transistor Tri to limit the output of the trans- 
. former TR1. 

Next, an operation of the cunrent limit circuit 9 
10 for a low temperature will t>e explained. 

Since the thermistor TH1 has nonlinear positive 
temperature characteristics, a combined resistance 
of the resistor R3 and thermistor TH1 decreases as 
the temperature decreases, to reduce the terminal 
75 voltage of the resistor R3 to be detected. As a 
result, as indicated with the curve "b" of Rg 4, the 
limit characteristics of the control circuit 5 rise as 
the temperature decreases. Namely, the limit char- 
acteristics of the embodiment are changed accord- 
20 ing to the maximum output characteristic curve "c" 
of Rg. 4 of the load driven by the embodiment. In 
this way, the output of the power source drcuit is 
property limited in a range of from high to low 
working temperatures. 
25 Another emlxxliment of the invention will be 
explained with reference to Rg. 7. This embodi- 
ment basically empk>ys the same arrangements as 
those shown in Rgs. 2, 5, and 6. 

A line "c" of Rg. 7 represents the maximum 
30 output characteristics of this embodiment, which 
linearly increase as an ambient temperature falls. 
Instead of the thermistors TH1 and TH3, the em- 
bodintent employs, for example, platinum tempera- 
ture detectors having linear positive temperature 
35 characteristics for detecting an output current and 
an input current, and instead of the thennnistor TH5, 
a platinum temperature detector for detecting an 
output voltage. 

A combined resistance of the resistor R3 and 
40 platinum temperature detector (substituting for the 
thermistor THI) or a combined resistance of the 
resistor R5 and platinum temperature detector 
(substituting for the thermistor TH3) decreases as 
the temperature drops, because the platinum tern- 
45 perature detectors have linear temperature char- 
acteristics. As a result, terminal voltages of the 
resistors R3 and R5 to be detected drop. 

The platinum temperature detector substituting 
for the thermistor TH5 increases a voltage dividing 
50 ratio of the resistors R7 and R9 as the temperature 
decreases, so that a terminal voltage of the resistor 
R9 to be detected becomes smaller. 

Unlike the conventional limit characteristtes In- 
dicated with a straight line "a" in Rg. 7, the limit 
55 characteristics of this emtxxjiment linearly increase 
as the temperature falls, as indicated with the curve 
"b" in Fig. 7. Namely, the limit characteristics of 
the emtxxfiment linearly change according to a 
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maximum output characteristic curve "c" of Rg. 7 
of a load driven by the embodiment. In this way. 
the output of the embodiment is Properly limited in 
a range of from high to low working temperatures. 

Still another embodiment of the invention will 
be explained. This embodiment basically employs 
the same arrangements as those shown In Rgs. 2. 
5. and 6. 

This emtjodiment provides temperature depen- 
dency for each of the voltage sources 15 and 19. 
Namely, the voltage sources 15 and 19 act as limit 
value generating means having temperature depen- 
dency. For example, any one of the voltage sour- 
ces 15 and 19 may generate a voltage by using 
temperature characteristics of a semiconductor ele- 
ment, e.g., a forward voltage of a diode, etc. As a 
result, a limit value having temperature depen- 
dency is generated to limit an output voltage or an 
output current of the power source circuit. 

When the voltage sources 15 and 19 have 
nonlinear temperature characteristics so that each 
limit value may nonlinearly increase as the tem- 
perature falls, the limit characteristic curve of this 
embodiment will be "b" of Rg. 4. Namely, the limit 
characteristics of the embodiment may be changed 
according to the maximum output characteristic 
curve "c" of Rg. 4 of a load driven by the embodi- 
ment. In this way. the output of the emtxxJiment is 
properly limited in a range of from high to low 
temperatures. 

When the voltage sources 15 and 19 have 
linear temperature characteristics so that each limit 
value may linearly increase as the temperature 
falls, the limit characteristic curve of this embodi- 
ment will be "b" of Rg. 7. Namely, the limit char- 
acteristics of the embodiment may be changed 
according to the maximum output characteristic 
curve "c" of Rg. 7 of a load driven by the embodi- 
ment. In this way, the output of the embodiment is 
properly limited in a range of from high to low 
temperatures. 

Instead of the comparators 13 and 17, an oper- 
ational amplifier and a feedback resistor may be 
employed. The feedback resistor is made of a 
thermistor or a platinum temperature detector hav- 
ing nonlinear or linear temperature characteristics. 
This arrangement can also increase limit character- 
istics as the temperature falls, as indicated with the 
curve "b" of Rg. 4 or the curve "b" of Rg. 7. 

The embodiments have been explained with 
reference to the externally excited forward con- 
verter. This invention is also applicable for any 
other externally excited conversion techniques 
such as flyt)ack converters, to achieve the same 
actions and effects. The invention is also applicable 
for chopper DC-DC converters, to provide the same 
actions and effects. Instead of the PWM control 
technique, a frequency control technique may be 



employed to change a converting frequency ac- 
cording to an ambient temperature and to provide 
output power having temperature dependency. 
In summary, a power source circuit according 
5 to the invention increases a converting frequency 
at a low temperature, thereby increasing an output 
at the low temperature and eliminating a special 
margin, which must be otherwise provided for an 
output at an ordinary temperature to deal with a 

10 load that increases as the temperature drops. The 
power source circuit, therefore, can employ com- 
pact components to reduce the size thereof. The 
power source circuit can be always operated ar- 
ound the maximum output to improve converting 

15 efficiency. 

Secondly, the invention increases a converting 
frequency and an output according to a decrease 
in temperature when driving a motor whose load 
increases according to a decrease in temperature. 

20 so tiiat output characteristics may properiy follow 
the temperature characteristics of the motor load. 

Thirdly, the invention temperature-dependently 
detects an output current through output current 
detection means, and limits electric power supplied 

25 to a load according to the detected value. Namely, 
tiie electric power supplied to the load is properiy 
temperature-dependently limited according to the 
temperature-dependently detected output current. 
Fourthly, the invention temperature-dependen- 

30 tiy detects an output voltage through output voltage 
detection means, and limits electric power supplied 
to a load according to the detected value. Namely, 
the electric power supplied to the load is properiy 
temperature-dependently limited according to the 

35 temperature-dependently detected output voltage. 

Rfthly, the invention temperature-dependently 
detects an input current through input current de- 
tection means, and limits electric power supplied to 
a load according to the detected value. Namely, 

40 the electric power supplied to the toad Is properly 
temperature-dependently limited according to the 
temperature-dependently detected input cunrent. 

Sixthly, the invention temperature-dependently 
detects an output current through output current 

45 detection means, an output voltage through output 
voltage detection means, or an Input current 
through input cun-ent detection means, and limits 
electric power supplied to a load according to the 
detected value. Namely, tiie electric power sup- 
so plied to the load is properly temperature-depen- 
dently limited according to the temperature-depen- 
dently detected output current, output voltage, or 
input cunrent. 

Various modifications will become possible for 

55 those skilled in the art after receiving the teachings 
of tiie present disclosure without departing from the 
scope thereof. 
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Claims 

1. A power source circuit for converting direct 
current (DC) power into altennating current (AC) 
power having a required frequency and provid- s 
ing DC output power according to the AC 
power, comprising: 

oscillation means for providing a control 
signal that detennnines a converting frequency 
of the AC power; ,o 

element means provided for said oscilla- 
tion means, having temperature characteristics 
for increasing the converting frequency at a 
low temperature; and 

determination means for detenmining the is 
converting frequency of the AC power accord- 
ing to the control signal provided by said os- 
cillation means. 

2. The power source circuit according to claim 1, 20 
wherein said element means involves a tem- 
perature sensor. 

3. The power source circuit according to claim 1, 
further comprising DC output detection means 25 
for temperature-dependently detecting the DC 
output power. 

4. The power source circuit according to claim 3, 
wherein said detenmination means determines 30 
the converting frequency of the AC power ac- 
cording to a value detected by the DC output 
detection means. 

5. A driving circuit for converting direct current 35 
(DC) power into alternating current (AC) power 
having a required frequency, providing DC out- 
put power according to the AC power, and 
driving a motor having temperature dependen- 
cy according to the DC output power, compris- 40 
ing: 

oscillation means for providing a control 
signal that determines a converting frequency 
of the AC power; 

elemerrt means provided for said oscilla- 45 
tion means, having temperature characteristics 
for increasing the converting frequency at a 
low temperature; and 

determination means for determining the 
converting frequency of the AC power accord- 50 
ing to the control signal provided by said os- 
cillation means. 

6. The driving circuit according to claim 5, 
wherein said element means involves a tern- 55 
perature sensor. 



7. The driving circuit according to claim 5, further 
comprising DC output detection means for 
temperature-dependently detecting the DC out- 
put power. 

8. The driving circuit according to claim 7, 
wherein said detenmination means detenmines 
the converting frequency of the AC power ac- 
cording to a value detected by the DC output 
detection means. 

9. A power source circuit for driving a load having 
temperature dependency and limiting power 
supplied to the load according to a detected 
value, comprising: 

output current detection means for 
temperature-dependently detecting an output 
current supplied to the load; and 

limit means for limiting the power supplied 
to the load according to the output current 
detected by said output cunrent detection 
means. 

10. The power source circuit according to claim 9, 
wherein said output current detection means 
has has a thermistor having nonlinear positive 
temperature characteristics. 

11. A power source circuit for driving a load having 
temperature dependency and limiting power 
supplied to the load according to a detected 
value, comprising: 

output voltage detection means for 
temperature-dependentiy detecting an output 
voltage supplied to the bad; and 

limit means for limiting the power supplied 
to the load according to the output voltage 
detected by said output voltage detection 
means. 

12. The power source circuit according to claim 
11, wherein said output voltage detection 
means has a thermistor having nonlinear nega- 
tive temperature characteristics. 

13. A power source circuit for driving a load having 
temperature dependency with power supplied 
through power transformer means and limiting 
the power supplied to the load according to 
detected values, comprising: 

output current detection means for 
temperature-dependently detecting an output 
current supplied to the load; 

output voltage detection means for 
temperature-dependently detecting an output 
voltage supplied to the load; 

input cunrent detection means for 
temperature-dependently detecting an input 
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current supplied to the power source circuit; 
and 

limit means for limiting the power supplied 
to the load according to values detected by at 
least two of said detection means. 5 
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